A Gram-stain-negative, facultatively anaerobic, rod-shaped, non-flagellated and non-gliding bacterium, designated strain B011
The family Flavobacteriaceae was proposed by Jooste et al. and included in the first edition of Bergey's Manual of Systematic Bacteriology [1, 2] . The genus Seonamhaeicola was discovered in 2014 by Park et al. and grouped into the family Flavobacteriaceae [3] . At the time of writing, the genus Seonamhaeicola contained two species, namely Seonamhaeicola aphaedonensis and Seonamhaeicola algicola, with S. aphaedonensis as the type species [4] . The bacteria in the genus Seonamhaeicola are Gram-stain-negative, non-sporeforming, oxidase-positive and rod-shaped. Colonies of the members are orange-pigmented, circular, flat and wet with entire margins. The genomic DNA G+C content ranges from 33 to 36 mol%. Members of the genus Seonamhaeicola contain iso-C 15 : 1 G and iso-C 15 : 0 as the major fatty acids and Menaquinone-6 (MK-6) as the major respiratory quinone. In this study, a bacterial strain, B011
T , which was isolated from algae collected from the coast of Lingshui county, China and subjected to a polyphasic taxonomic study, is described.
Strain B011
T was isolated from marine algae Gracilaria blodgettii collected from the seaside of Lingshui county, China (110 03¢ 44.2 † E, 18 24¢ 29.8 † N). The algae were handpicked, washed thoroughly with seawater to remove all impurities, sand particles and epiphytes. The samples were crushed in a mortar and diluted with sterile saline solution.
The crushed algae samples (approximately 1 g) were diluted with 9 ml sterile seawater and spread on marine agar 2216 (MA, Becton Dickinson). The plates were incubated at 28 C for 5 days. Strain B011
T was obtained in pure culture after three successive transfers to fresh MA plates and stored at À80 C in 20 % (v/v) glycerol. S. aphaedonensis KCTC 32578 T (obtained from the Korean Collection for Type Cultures) and S. algicola Gy8 T (our laboratory) were chosen as reference strains in this study and cultured under the same conditions as strain B011
T (unless specified otherwise).
The 16S rRNA gene was amplified by PCR using universal primers 27f and 1492r [5] . PCR products were cloned into a pMD18-T vector (Takara) and transferred into E.coli DH5a cells. The positive clones were selected and sequenced at BGI (Qingdao, China) using the ABI 3730XL system. Primary analysis was carried out using the Ez-Taxon database and the NCBI BLAST program [6] . Multiple sequences were aligned by the CLUSTAL_X program [6] . Phylogenetic trees were reconstructed using the neighbour-joining, maximumlikelihood and maximum-parsimony methods in the computer program MEGA version 7.0 [7] . The bootstrap analyses for all trees were based on 1000 replicates. The almostcomplete 16S rRNA gene sequence of strain B011 T (1445 bp) was determined in this study. The closest relatives of strain B011 T were found to be S. algicola Gy8 T (96.8 % sequence similarity) and S. aphaedonensis KCTC 32578 T (95.0 %). The neighbour-joining tree ( Fig. 1) showed that strain B011 T formed a robust clade with members of the genus Seonamhaeicola with 100 % bootstrap values. This topology was also supported by the maximum-likelihood and maximum-parsimony trees (data not shown).
Gram-staining was performed as described by Smibert and Krieg [8] . Motility was determined using the hanging-drop method and gliding motility was determined as described by Bowman et al. [2] . Cell morphology was observed using light microscopy (E600; Nikon) and transmission electron microscopy (JEM 1400). The temperature range for growth was determined in marine broth 2216 (MB, Becton Dickinson) at 4, 10, 15, 20, 25, 28, 30, 33, 35, 37, 40, 42 and 45 C. The pH range for growth was determined by adding 20 mM MES (for pH 5.5 and 6.0), 20 mM PIPES (pH 6.5 and 7.0), 20 mM HEPES (pH 7.5 and 8.0), 20 mM Tricine (pH 8.5) or 20 mM CAPSO (pH 9.0, 9.5 and 10.0) (Sangon) to the MB medium as a buffer system. Salt tolerance was tested at 28 C by using NaCl-free MA (prepared according to the MB formula, but without NaCl) with different NaCl concentrations (0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or 15 % as final concentration, w/v) and colony growth was recorded every 12 h. Growth under anaerobic (10 % H 2 , 10 % CO 2 and 80 % N 2 ) and microaerobic (5 % O 2 , 10 % CO 2 and 85 % N 2 )
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Lutaonella thermophila CC-MHSW-2 T (NR_044451) conditions was determined after a 2 week incubation in an anaerobic jar with or without 0.1 % (w/v) KNO 3 . Oxidase activity was determined with oxidase reagent (bioM erieux). Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 solution. Nitrate reduction and hydrolysis of Tweens 20, 40, 60 and 80, alginate, starch, and carboxymethylcellulose were investigated according to previously described methods [2, 8] . Susceptibility to antibiotics was tested on cultures incubated at 28 C for up to 5 days (0.5 McFarland standard) by using filter-paper discs impregnated with various antibiotics [4] . The presence of flexirubin-type pigments was investigated using a 20 % (w/v) KOH solution [9] . The carotenoid pigments of strains B011
T were extracted and analysed according to the method described by Biebl et al. [10] using a UV/visible spectrophotometer (model UV7200; UNICO). Flexirubin-type pigments were detected by flooding cells of strain B011
T with 20 % (w/v) KOH. Activities of constitutive enzymes, production of acid and oxidation of substrate were determined using API 20E, API 50CHB, API ZYM strips (bioM erieux) and the Biolog GEN III MicroPlate kits according to the manufacturers' instructions (except for salinity that was adjusted to 3 %).
Cells of strain B011
T were straight rods, 0.5-0.7 µm wide and 2.0-8.0 µm long, devoid of flagella or cellular appendages after growth on MA (Fig. S1 , available in the online Supplementary Material). Strain B011
T was found to be sensitive to tetracycline (30 µg), ofloxacin (5 µg), chloramphenicol (30 µg), erythromycin (15 µg), vancomycin (30 µg), rifampicin (5 µg), acetylspiramycin (30 µg), nalidixic acid (30 µg), lincomycin (2 µg) and clarithromycin (15 µg). The visible absorption spectrum of the pigments had not absorption maxima at 455 and 475 nm, which closely resembled that of authentic b-carotene reported in the literature, suggesting that strain B011
T could not contain b-carotene or a carotenoid structurally similar to b-carotene such as zeaxanthin (dihydroxy-b-carotene). Anaerobic growth was not observed on MA (<1 % O 2 , 9-13 % CO 2 ); however, microaerobic growth was observed on marine agar 2216 with or without 0.1 % (w/v) KNO 3 . Strain B011 T was differentiated from S. aphaedonensis KCTC 32578 T and S. algicola Gy8 T by distinctions in optimum growth temperature, salinity and pH. All strains were negative for indole and H 2 S production and positive for oxidase activities. S. aphaedonensis KCTC 32578 T and S. algicola Gy8 T were positive for catalase, but B011 T was negative. Nitrate was reduced by strain B011
T , but not reduced by S. aphaedonensis KCTC 32578 T and S. algicola Gy8 T . Gliding motility of strains B011 T and S. aphaedonensis KCTC 32578 T was not observed, but that of S. algicola Gy8 T could be observed. In addition, strain B011 T could be distinguished from S. aphaedonensis KCTC 32578 T and S. algicola Gy8 T since it could not hydrolyse starch, cellulose and Tween 80. Moreover, strain B011 T could not produce acid from sucrose. The complete morphological, physiological and biochemical characteristics of strain B011
T are provided in the species description and Table 1 .
For chemotaxonomic analyses, biomass of strain B011
T and reference strains was harvested from MB after incubation at 28 C for 72 h and freeze-dried; at this stage, the bacteria were in the late logarithmic growth phase. Respiratory quinones were extracted according to the method described by Collins et al. [11] and analysed by HPLC. The predominant isoprenoid quinone detected in strain B011
T was Menaquinone-6 (MK-6), consistent with that observed in all members of the family Flavobacteriaceae [10] . Total polar lipids were extracted and separated by twodimensional TLC on silica gel plates (10Â10 cm, no. 5554; Merck) according to the methods of Xu et al. [12] . Aminolipids were observed by spraying the plate with 0.5 % ninhydrin in ethanol before heating it at 55 C for 10 min. Phospholipids were observed after staining with molybdenum blue spray reagent (Sigma). Glycolipids were observed using the methods of Xin et al. [13] . The total lipids were detected by spraying 10 % (w/v) phosphomolybdic acid in ethanol and heating at 140 C for 10 min with ammonia. All the polar lipid images were further analysed as described by Minnikin et al. [14] . The polar lipids of strain B011
T comprised copious amounts of phosphatidylethanolamine, aminolipid, three unknown lipids and minor amounts of phospholipid, aminophospholipid and one unknown lipid. Phosphatidylethanolamine, aminolipid and three unknown lipids were the common major polar lipids of strain B011 T , S. aphaedonensis KCTC 32578 T and S. algicola Gy8 T . The unidentified glycolipids were found in S. algicola Gy8 T and S. aphaedonensis KCTC 32578
T , but were not found in strain B011
T . Strain B011 T and S. aphaedonensis KCTC 32578 T contained phospholipid, but S. algicola Gy8 T did not. Aminophospholipid was only found in strain B011 T and aminoglycolipid was only found in S. algicola Gy8 T . Further detailed polar lipid images with different specific stains are given in Fig. S2 .
For the cellular fatty acid analysis, cells grown on MA plates for 3 days at 28 C were harvested and the fatty acids were extracted according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 4.5). Fatty acids were methylated and analysed by an Agilent 6890 N gas chromatograph and identified using the TSBA40 database of the microbial identification system [15] . The strain contained hydroxy, straight-chain and unsaturated fatty acids. The major fatty acids (>10 %) of strain B011 T were iso-C 15 : 1 G (23.4 %) and iso-C 15 : 0 (22.8 %) (Table S1 ). The fatty acid profile of strain B011
T was similar to that of S. aphaedonensis KCTC 32578 T . However, S. algicola Gy8 T presented some different characteristics to strain B011 T and S. aphaedonensis KCTC 32578
T . Apparently, the relative proportions of iso-C 15 : 1 G and iso-C 15 : 0 may provide sufficient justification for distinguishing S. algicola Gy8 T from strain B011
T and S. aphaedonensis KCTC 32578 T . The fatty acid profiles of strain B011 T , S. aphaedonensis KCTC 32578 T and S. algicola Gy8 T are shown in Table S1 .
Genomic DNA of the isolate was extracted and purified using a genomic DNA extraction kit (Takara) and the DNA G+C content was determined by HPLC [16] . The DNA G+C content of strain B011 T was 33.9 mol%.
Consequently, there are common chemotaxonomic characters of strain B011 T , S. aphaedonensis KCTC 32578 T and S. algicola Gy8 T , such as the similar values of DNA G+C conntent, the major fatty acids (iso-C 15 : 1 G and iso-C 15 : 0 ), the major menaquinone (MK-6), and the major polar lipids (phosphatidylethanolamine, aminolipid and three unknown lipids). These chemotaxonomic data support that strain B011 T belongs to the genus Seonamhaeicola.
The phylogenetic analysis, differential chemotaxonomic data and other phenotypic properties suggest that strain B011 T represents a novel species in the genus Seonamhaeicola, for which the name Seonamhaeicola marinus sp. nov. is proposed. The type strain, B011
DESCRIPTION OF
T (=MCCC 1H00146 T =NBRC 112333 T ), was isolated from the algae Gracilaria blodgettii collected from the coast of Lingshui county, China (110 03¢ 44.2 † E, 18 24¢ 29.8 † N). The DNA G+C content of the type strain is 33.9 mol%.
Funding information
This work was supported by the National Natural Science Foundation of China (21506116, 31370057).
Conflicts of interest
The authors declare that there are no conflicts of interest.
